Objective: Using mesenchymal stem cells (MSCs) is regarded as a new therapeutic approach for improving fibrotic diseases. The aim of this study to evaluate the feasibility and safety of systemic infusion of autologous adipose tissue-derived MSCs (AD-MSCs) in peritoneal dialysis (PD) patients with expected peritoneal fibrosis.
Introduction
Peritoneal dialysis (PD) has an increasing rate in last decades, and comprises approximately 11% of dialysis patients, worldwide (1) . Accordingly, in Iran we have documented an increase in the number of patients receiving PD over the past 20 years (2) . Despite the advantages of this treatment, still the most important challenge is to preserve the peritoneal membrane filtration capacity for a long time (3) . Peritoneal fibrosis, as the main cause of filtration capacity loss, has two components: fibrosis and inflammation. Several events such as continuous exposure of the peritoneum to bio-incompatible PD solutions as well as repeated peritonitis episodes provoke activation of various inflammatory, fibrogenic and angiogenic cytokines in peritoneum. The stimulation of these factors leads to progressive detachment of the mesothelial cell layer and its transformation into fibroblastoid cells, submesothelial fibrosis, extensive vasculopathy and ultimately ultrafiltration failure (UFF) and encapsulating peritoneal sclerosis (EPS) (4) .
Mesenchymal stem cells (MSCs) are a heterogeneous
adult stem cell population with important immunoregulatory and anti-fibrotic activities (5) (6) (7) . They have the potential to differentiate into mesodermal and non-mesodermal lineages, secrete factors that favoring tissue remodeling, and might even successfully escape immune recognition (7, 8) . Based on their properties, researchers have already performed pioneering clinical studies evaluating the safety and possible efficacy of MSC administration in various diseases including renal failure (9) (10) (11) (12) . For instance, Makhlough et al. (11) showed the safety and tolerability of one-time intravenous (IV) transplantation of autologous bone marrow-derived MSCs in autosomal dominant polycystic kidney disease patients.
Regarding PD, many preclinical studies have been performed to evaluate the effects of stem cell therapy in PD experimental models (13) (14) (15) (16) (17) . The overall findings of these researches have been that use of stem cells is associated with improved peritoneal fibrosis including attenuation of submesothelial thickness and collagen deposition, inflammation, angiogenesis, fibrosis and also improvement of peritoneal permeability function. This improvement was indicated by higher ultrafiltration, lower glucose transport and better solute permeability. No adverse events following MSC administration were reported by these studies (17) . In addition, the mechanisms, by which the beneficial effects of MSCs were exerted were different. Some studies showed the contribution of stem cells in the process of peritoneal repair and mesothelial remodeling (13) , while others provided evidences supporting the paracrine activities of MSCs, involving the production of growth factors and anti-inflammatory cytokines. These factors produced by MSCs were shown to promote repair, independent of trans-differentiation of MSCs into functional peritoneal mesothelial cells (14) (15) (16) . However the gap between experimental studies and clinical applications still exists, as none of these experimental studies have been translated into clinical cases yet.
Therefore, to continue the translation of experimental research into clinical research, we have designed a phase I clinical study to evaluate the feasibility and safety of administration of autologous adipose tissue-derived MSCs (AD-MSCs) in renal failure patients. We have previously shown that UFF is a risk factor for developing severe peritoneal fibrosis (18), thus we sought to evaluate the safety of administration of MSCs in patients who suffer from UFF.
Materials and Methods
This prospective study was a 6-month, open-label, nonrandomized, phase I trial to evaluate the safety of single IV infusion of autologous AD-MSCs in PD patients. 
Patient selection
The study population consisted of patients between 18 and 70 years of age, who were on continuous ambulatory peritoneal dialysis (CAPD) and referring to PD centers of Shafa hospital, which is affiliated with Tehran University of Medical sciences. The eligibility criteria were: having been on CAPD for at least two years, having UFF [ultrafiltration (UF)<400 mL after a 4-hour dwell duration with a 4.25% dextrose-based PD fluid], and being available for follow-ups. Patients were excluded if they were pregnant or had plans to become pregnant, were candidates for kidney transplantation, had consumed immunosuppressive drugs, had a confirmed cancer, had coagulation disorders, or had a history of hospitalization or hemodialysis two months prior to study entry. Potential participants underwent preliminary screening by the study doctor and those found to be eligible were invited to attend a baseline assessment. In the case of eligibility, formal written consent form was given to each patient to sign. Patients were also provided with the study doctor's contact details to discuss any concerns before, during or after the procedures.
Isolation and expansion of adipose-derived mesenchymal stem cells
Human adipose tissue (150-250 mL) was collected under local anesthesia followed by lipo-aspiration surgery performed by a plastic surgeon at Royan Institute. All patients were discharged 2 hours after the procedure, but had phone follow up for 2 days. The lipo-aspirated samples were collected in sterile tubes containing phosphatebuffered saline (PBS)+1% penicillin/streptomycin and were transferred to our laboratory on ice. The samples were washed 3-4 times with sterile water. They were then enzymatically digested with 0.075% collagenase type I at 37˚C for 2 hours in an incubator with intermittent spinning. The procedure was followed by adding alpha modified eagle medium (α-MEM, Gibco, Germany), in a volume twice the volume of enzyme, to the tube and centrifugation at 1500 rpm for 5 minutes. Next, the pellet was diluted in 1-2 ml of α-MEM, passed through a 40-μm mesh filter and plated at a density of 1×10 6 /cm 2 in a 25-T culture flask in α-MEM supplemented with 1% penicillin/ streptomycin (Gibco, Germany), 10% Hyclone defined fetal bovine serum (FBS, Thermo Scientific, USA), and 1% L-glutamine (Gibco, Germany) at 37˚C . The medium was changed every 4 days till 90% confluency was achieved.
MSCs in PD Patients
The cells were passaged up to three times. Finally, cells were washed with PBS, detached from the flask using Trypsin/EDTA (0.2%), suspended in physiological serum (Gibco, Germany) and loaded into 10-ml sterile syringes.
We performed the colony-forming unit (CFU) assay to determine the proliferation potentials of the cultured AD-MSCs. The immunophenotype of AD-MSCs were characterized for each patient using 2×10 5 MSCs from passage 2 cells. Next, the cells were incubated in the dark for 20 
Quality control tests
The quality control tests included the analysis of microbial tests, limulus amebocyte lysate (LAL) gel clot assays, mycoplasma detection and karyotyping. These procedures were performed according to recommendations for cell and tissue therapy promotion and validation tests of the Iranian Health Ministry Pharmacopoeia Commission and the Department of Health and Human Services Food and Drug Administration.
Adipose tissue-derived mesenchymal stem cells administration
The fresh suspension of the cells in 50 ml normal saline was infused through cubital vein under sterile conditions according to our infusion protocol. After infusion, patients were monitored closely in a hospital setting for 4 hours and their vital signs as well as immediate adverse events in the site of infusion were monitored.
Endpoint measures
The primary endpoint was feasibility, safety and tolerability of MSC infusion. A detailed explanation of assessment schedule is presented in Table 2 . Time window -30 to -7 day ± 4 day ± 4 day ± 4 day ± 4 day ± 4 day
The primary endpoint was evaluated on the basis of the occurrences of serious adverse events (SAEs), AEs, and laboratory abnormalities according to the Common Terminology Criteria for Adverse Events (CTCAE) version 4.0. They were obtained through physical examination, biochemical assays and peritoneal solute transport tests ( Table 2 ). The time points of visits were selected based on previous studies evaluating the effects and also the safety of MSCs in different diseases (12) . Peritoneal solute transport parameters were measured through performing a peritoneal equilibration test (PET) at V1, V4 and V6 according to previous protocols (19) . Dialysis adequacy parameters, including Kt/V, creatinine clearance and normalized protein catabolic rate (nPCR) were calculated based on the analysis of a 24-hour collection of dialysis solution and urine with the PD Adequest 2.0 for Windows program (Baxter Healthcare Co, Deerfield, Illinois, USA).
Patients were required to report any adverse events related to the treatment they had received in the trial and also changes indicative of peritonitis, such as cloudy peritoneal effluent and abdominal pain during the follow-up visits.
Mean of 24-hour UF and urine volume records within one week before baseline or follow-up visits were defined as UF or urine volume of that visit. To avoid the effects of daily dialysis volume on UF, the total daily volume of PD fluid was not changed during the follow-up period.
Statistical analysis
The continuous variables are presented as mean ± SD. The categorical variables are expressed as absolute values and frequencies. General Linear Model was used to calculate repeated measures of ANOVAs for functional and safety parameter from baseline at the follow up visits for each group. P<0.05 were considered statistically significant. Analyses were performed using SPSS software (version 16.0, NY, USA).
Results
For this study we originally recruited 10 eligible patients as our case group, however patient number 10 refused to participate after liposuction and therefore was excluded from the study. The other 9 patients finished the trial until the last follow up. The summarized characteristics of the recruited subjects are presented in Table 3 . Each participant received a single IV infusion of autologous AD-MSCs (mean 1.2×10 6 , range 0.9-1.4). The clinical characteristics of each subject is presented in Table 4 .
Safety of mesenchymal stem cell infusion
No SAEs occurred throughout the trial. No acute infusion-related toxicity was observed during or immediately after MSC infusion. A total of 14 minor AEs were reported by 6 patients that were potentially related to the procedure. These AE's included five abdominal bruises induced by lipo-aspiration, which lasted for 5-10 days and resolved spontaneously, four mild to moderate cases of abdominal pains that developed following lipo-aspiration, which lasted for less than 48 hours and resolved spontaneously, one grade 2 phlebitis at the site of venous access (right arm), which resolved by using analgesic, application of hot compress and elevation of extremity within 5 days, and finally three flank pains and one headache, all of which resolved by using analgesics within 2 days after infusion. Abdominal lipo-aspiration sample points healed in less than7 days post-surgery for all patients. Detailed explanation of the AEs is presented in Table 5 .
Peritonitis
One patient developed one episode of peritonitis during the follow up period (case ID#03, in the 5 th month of follow-up). This patient presented with abdominal pain and cloudy effluent. Culture of dialysis fluid was positive for E-coli and the patient responded to amikacin (100 mg/IP) and ceftazidim (1 g/IP). In case ID#4, in the 1 st month of follow-up, we noted exudates from the exit site, but the patient had good inflow and outflow and clear effluent. This patient was diagnosed with exit site infection with or without tunnel infection. The result of ultrasound of the tunnel was negative and the patient responded to amikacin100 mg/day, IP, ceftazidime 1 g/day, IP, Rifampin 300 mg/BID.
Monitoring biochemical and peritoneal membrane parameters
None of the hematological and biochemical parameters significantly changed over time in the participants. The 24-hour UF collection showed a significant increase (20.5%, P=0.01), while 24-hour urine sample volume showed a non-significant decrease (41%). A significant decrease in body mass index (BMI) was also observed (Table 6 ). Moreover, we observed a decline in the rate of solute transport across peritoneal membrane (D/Pcr, P=0.02, 0.76 vs. 0.72), however the other parameters regarding the dialysis adequacy and solute transport did not change during the follow-up. Death n n n n n n n n n Required hospitalization n n n n n n n n n Life-threatening n n n n n n n n n Any n n n n n n n n n Total 0 0 0 0 0 0 0 0 0
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Adverse events
Blood and lymphatic system disorders (y or n, grade)
Leukocytosis n n n n n n n n n Lymph node pain n n n n n n n n n Any n n n n n n n n n
Cardiac disorders (y or n, grade)
Acute coronary syndrome n n n n n n n n n Any n n n n n n n n n
Ear and labyrinth disorders (y or n, grade)
Ear pain n n n n n n n n n Vertigo n n n n n n n n n Any n n n n n n n n n Endocrine disorders (y or n, grade) Hypothyroidism n n n n n n n n n Hyperparathyroidism n n n n n n n n n Any n n n n n n n n n Eye disorders (y or n, grade) Conjunctivitis n n n n n n n n n Dry eye n n n n n n n n n Any n n n n n n n n n
Gastrointestinal disorders (y or n, grade)
Abdominal pain n y, 1 n y, 1 y, 1 n n y, 1 n Dyspepsia n n n n n n n n n Diarrhea n n n n n n n n n Nausea n n n n n n n n n Any n n n n n n n n n General disorders and administration site conditions (y or n, grade) Fatigue n n n n n n n n n Fever n n n n n n n n n Pain n n n n n n n n n Infusion site reaction n n n n n n n n y, 2 Any n n n n n n n n n Hepatobiliary disorders (y or n, grade)
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Hepatic failure n n n n n n n n n Any n n n n n n n n n
Immune system disorders (y or n, grade)
Allergic reaction n n n n n n n n n Anaphylaxis n n n n n n n n n Any n n n n n n n n n
Infections and infestations (y or n, grade)
Bladder infection n n n n n n n n n Catheter related infection n n n y, 2 n n n n n Peritoneal infection n n y, 3 n n n n n n Urinary tract infection n n n n n n n n n Any n n n n n n n n n Procedural complications (y or n, grade)
Intraoperative skin injury n y, 2 n y, 2 y, 2 n n y, 2 y, 2 Any n n n n n n n n n Increased alanine aminotransferase n n n n n n n n n Increased alkaline phosphatase n n n n n n n n n Increased aspartate aminotransferase n n n n n n n n n Creatinine increased n n n n n n n n n Hemoglobin increased n n n n n n n n n Lymphocyte count decreased n n n n n n n n n Lymphocyte count increased n n n n n n n n n Platelet count decreased n n n n n n n n n Weight gain n n n n n n n n n Weight loss n y, 1 y, 1 n n n n n n Any n n n n n n n n n Metabolism and nutrition disorders (y or n, grade) Anorexia n n n n n n n n n Hyperkalemia n n n n n n n n n Hyponatremia n n n n n n n n n Hypokalemia n n n n n n n n n Hypoglycemia n n n n n n n n n Hypoalbuminemia n n n n n n n n n New-onset diabetes n n n n n n n n n Any n n n n n n n n n Alatab et al. Musculoskeletal and connective tissue disorders (y or n, grade) 
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Discussion
The present study, which was designed as a phase I clinical trial showed that IV injection of autologous AD-MSCs in CAPD patients with UFF is safe and welltolerated. To our knowledge, this is the first clinical trial that provides evidence for safety of systemic infusion of autologous MSCs in PD patients. The most important AEs was development of grade 2 phlebitis in one patient, which might be related to the acute inflammatory reactions of some patients to particular preparations of stem cells (12) . Assessing the hematological and systemic biochemical parameters showed the stability of these parameters over time.
The only significant change in the treated group was attenuation of BMI, which is probably attributed to a decrease in the degree of edema due to a significant increase in ultrafiltration rate. A significant weight loss in patients over time could also support this observation. The attenuation of the urine volume seen in this study could also be attributed to an increased ultrafiltration volume, as it is expected that patients who have more ultrafiltration might have less urine volume. Although we should note that only 3 patients had urine output and therefore we cannot generalize this assumption.
We used adipose tissue-derived MSCs for several reasons. Our previous experiments have shown that bone marrow-derived MSCs from ESRD patients can be expanded up to a limited number (data not published), which might be due to dysplasia of bone marrow caused by azotemia in these patients. Nonetheless, a large number of MSCs can be easily isolated from fat tissue in these patients. Moreover, while exposure of patients with renal failure to uremic toxins over long periods of time may affect the viability and regenerative capacity of MSCs compared to those in patients with normal renal function (20, 21) , Roemeling-van Rhijn and colleagues have shown that biological properties of AD-MSCs may not be affected by renal failure (22) .
In this study we obtained MSCs from adipose tissue by means of lipo-aspiration from abdominal area. None of our patients encountered any mechanical catheter-related complication such as obstruction, hemoperitoneum, perforation, tunnel tract infection or leakage. Although, we were caution to obtain the samples from the opposite direction of the exit site. The two complications of peritonitis in case ID#3 in month 5 and exit site infection in case ID#4 in month 1 may not be attributed to the procedure, mostly because of the relatively long time interval between lipo-aspiration and the clinical manifestation. Moreover, our national registry data have shown that our average peritonitis rate was 1 episode in 25 patient-months (2). Our current results showed even a lower rate of peritonitis compared to our previous data, which might be due to close monitoring of the participants in this study.
Similar to previous studies (23), we have shown the safety of AD-MSCs injection in human subjects, however our study had a particular importance, as we have assessed the safety of systemic infusion of MSCs in UFF patients. PD patients with UFF are a very specific group of highly sensitive patients and clinical treatment available for these patients is limited. It is obvious that protection of the peritoneal membrane or healing of a damaged membrane is of crucial importance for ESRD patients having no other alternatives except PD. Therefore, showing the feasibility and safety of MSC administration in these patients is essential for further studies assessing the efficacy of this treatment.
It is believed that the main mechanism in the induction of peritoneal fibrosis is mesothelial to mesenchymal transition that involves a complex process of cellular transdifferentiation (4). Moreover, angiogenesis and augmented vessel permeability also participate in increasing solute transport across the peritoneal membrane and UFF (24) . In this study, we noticed a decline in the rate of solute transport across peritoneum as determined by standard PET and measured by D/Pcr. This observation was similar to the results obtained in previous works performed in the same context (13) (14) (15) (16) (17) . Functionally, the number of perfused capillaries is suggested to be responsible for the fast dissipation of the osmotic gradient and high rate of transport across the membrane (24, 25) . Brimble and colleagues, in a high quality meta-analysis demonstrated that a higher peritoneal membrane solute transport rate is associated with a higher mortality risk (26) . Therefore, attenuation of the rate of solute transport across the membrane seen in this study following administration of MSCs is regarded as a positive change. Both in vitro and in vivo studies have reported that MSCs interact with a wide range of immune cells and suppress the excessive response of T cells, B cells, dendritic cells, macrophages, and natural killer cells, as well as induces regulatory T cells (Tregs) (10) . MSCs have also been shown to maintain the capability of Tregs to suppress self-reactive T-effector responses (10, 27, 28) . Although we cannot comment on the exact mechanism, by which MSCs exert this change, but the mentioned properties of stem cells for secreting the soluble factors crucial for cell survival and modulating the immune response might be responsible (29) .
For future study design, we have to notice that our current study has some limitations. First, our study was not designed as a blind randomized controlled clinical trial, and therefore the changes seen after intervention cannot be exclusively associated with the intervention, as one might suggest that improvement of the rate of solute transport may be due to natural course of the disease. Second, since this was a clinical trial, the injected cells were not labeled, so we were not able to track their homing to the peritoneum. And third, because of the patients' limitations, we did not follow up the patients for longer than six months. For a more sufficient outcome a longer follow-up period is desired for confirming the long term safety for chronic immunogenicity.
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Conclusion
This study showed for the first time that in PD patients systemic administration of AD-MSCs appears to be feasible and tolerated; at least over the six months followup period that we investigated. There might be some positive changes after this intervention in PD patients, however, there is certainly a need for further studies with larger sample sizes, more homogenous patients, longer follow-up periods, and control groups. Future investigations will need to elucidate the most effective route of administration, proper dose and frequency of MSC administration in PD patients.
